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Genomic medicine is here 
 . . . for rare disease 

and NIPT 



So when will we get 
personalized medicine for 

everyone? 



Most people overestimate 
what they can do in one year 
and underestimate what they 
can do in ten years. 



Here	  

There	  



Expanding	  clinical	  u-lity	  

•  Choose	  use	  cases	  
•  Design,	  implement,	  
test,	  repeat	  

•  Build	  evidence	  base	  
for	  effec-veness	  

•  Assess	  cost	  
effec-veness	  

•  Include	  payors	  early	  



CHALLENGES	  

Tommy	  Caldwell	  ascending	  the	  Dawn	  Wall	  of	  El	  Capitan	  
BreC	  Lowell:	  Na-onal	  Geographic	  



1.  The genome is complex 

2.  You can’t call it, if you can’t see it 
 
3. The technical performance of our 
calling algorithms was optimized for 
cohort variant discovery, not n=1 



Repeats	  =	  ~56%	  of	  the	  
genome	  
	  
Paralogous	  sequence	  

–  Segmental	  duplica-ons	  
–  Gene	  families	  
–  Pseudogenes	  

•  ~8k	  
•  Varying	  constraint	  

	  

No	  consensus	  over	  how	  
to	  handle	  mul-ply	  
mapped	  short	  reads	  

Genome	  Medicine	  (in	  revision)	  
Nature	  517:608	  2015	  



exac.broadins-tute.org	  

19	  pathogenic	  or	  likely	  
pathogenic	  variants	  in	  

Clinvar	  KCNH2	  

Exome Genome 

% of gene not covered 
10%	  0%	  



JAMA	  2014	  311:1035-‐44	  2014	  	  

How	  
good	  we	  
are	  at	  
calling	  
it	  

How	  important	  the	  gene-c	  
varia-on	  type	  is	  for	  disease	  

SNV	  

indels	  

SV	  



SO	  WHAT	  IS	  THE	  ANSWER	  
And	  does	  it	  start	  with	  an	  “E”	  or	  a	  “G”?	  



GET	  COVERAGE	  



Genome	  Medicine	  7:71	  (2015)	  
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Rachel	  Goldfeder	  

	  	   Gbp	  
Illumina	  HiSeq	  X	   111.11	  
Illumina	  Hiseq	  2013	   151.28	  
Personalis	  ACE	   12.74	  
Agilent	  Clinical	  
Research	  Exome	   13.49	  
Baylor	   11.32	  
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Rachel	  Goldfeder	  

Exons	  
	  (includes	  
UTRs)	  





KNOW	  THE	  ENEMY	  





“To begin to realize this new 
vision, precisionFDA is 
designed as a crowd-sourced, 
cloud-based platform to 
advance the science needed to 
develop the necessary 
standards. PrecisionFDA will 
supply an environment where 
the community can test, pilot, 
and validate new approaches.” 

hCp://goo.gl/UOcQc8	  



NA12878	  
Clinvar	  
pathogenic	  
SNVs	  

Are	  the	  things	  that	  maCer	  most	  in	  high	  
confidence	  regions?	  



Sample	   Son	   Father	   Mother	  

Total	  PASS	   55	   78	   56	  

Autosome	   36	   60	   34	  

Recessive	   17	   10	   13	  

Compound	  
Het	  

2	  genes	  
(2818bp,	  
340bp	  diff)	  

1	  gene	  
(340bp	  diff)	  

2	  genes	  
(2818bp,	  
340bp	  diff)	  

Structural	  
Variants	  

1DEL	  (1	  
variant)	  
Diff	  End	  

Breakpoint	  
Than	  Mother	  

2DEL	  (2;	  20	  
variants)	  

1DEL(2	  
variants)	  

Mitochondrial	   19	  
	  

18	   22	  

Low	  
Frequency	  

MT	  
Heteroplasmy	  	  

10	   9	   10	  

ACMG	  Genes	   3	   3	   1	  



KEEP	  IT	  IN	  THE	  FAMILY	  
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Megan	  Grove,	  Dianna	  Fisk	  
Compound	  heterozygosity	  model	  

The	  strength	  of	  family	  analysis	  



DESIGN	  BETTER	  ALGORITHMS	  
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Implica-ons	  	  
•  It is possible to get to 100% 

coverage of many genes 

•  In that case, the best “test” is 
one that includes some genome 
wide coverage to allow SV 
detection 
–  This could be long read 

“scaffold” 

•  To be cost effective, will need to 
have gene “augmentation” so 
that every base pair is callable 

•  This would also allow higher 
sensitivity for calling mosaics 



Genomic	  medicine	  	  

Non-‐invasive	  prenatal	  
tes-ng	  

Gene-c	  disease	  

Rare/novel	  disease	  

Infec-ous	  
disease	  	  

Infec-ous	  agents	  

Transplant	  rejec-on	  

Circula-ng	  cell	  free	  DNA	  

Cancer	  

Germ	  line	  risk	  

Tumor-‐normal	  
sequencing	  

Liquid	  biopsy	  for	  cancer	  
recurrence	  

Pharmacogenomics	  

Complex	  
disease	  

EMR	  integra-on	  

Panel	  nega-ve	  
Mendelian	  disease	  

Organism	  
sequencing	  for	  	  

pandemic	  tracking	  
	  

Microbiome	  

Predic-ve	  
analy-cs	  

The	  current	  &	  future	  landscape	  of	  




